1. Introduction {#sec1}
===============

Malaria is commonly associated with various degrees of hematological complications like anemia and thrombocytopenia. The anemia is usually due to varied reasons ranging from hemolysis to comorbidities like parasitic infections, folate, iron, and vitamin B12 deficiencies in endemic areas, antimalarials and further complicated by the coexistence of thalassemia and other haemoglobinopathies \[[@B1]\]. Anemia and thrombocytopenia are the most frequent malaria-associated hematological complications \[[@B2]\].

The hematopoietic response is, however, also somewhat blunted, and there is reduced platelet count and sometimes reduced WBC counts as well. Thrombocytopenia is a very common association of malaria. In the past it was thought that malaria is rarely associated with clinical features of thrombocytopenia like bleeding disorders and is usually an incidental finding on blood testing. Recent scientific evidences have invalidated this anecdote. It is pertinent that the finding of thrombocytopenia in patient may be an indication for a thorough lookout into the blood smear to rule out malaria as the cause. This fact is especially important in the workup for thrombocytopenia in febrile patients. Thrombocytopenia may be associated with bleeding tendency which is one of the important severe manifestations of *P. falciparum* malaria.

The presence of thrombocytopenia in acute febrile travelers returning from tropical areas has become a highly sensitive clinical marker for malaria diagnosis \[[@B3]\].

A number of observational studies have confirmed the association of thrombocytopenia to malaria but till date the cause of thrombocytopenia is poorly understood. The speculated mechanisms leading to thrombocytopenia are coagulation disturbances, splenomegaly, bone marrow alterations, antibody-mediated platelet destruction, oxidative stress, and the role of platelets as cofactors in triggering severe malaria \[[@B4]--[@B6]\].

In an animal model of cerebral malaria, platelet\'s role has been implicated. In autopsy studies of children dying of cerebral malaria, clumps of platelets with or without infected RBC\'s have been found in the brain capillaries \[[@B7], [@B8]\].

The platelet counts usually are normalized quickly in a matter of few weeks when malaria is treated successfully.

2. Patients and Methods {#sec2}
=======================

It was a prospective observational study conducted at Hayat Abad Medical Complex, Postgraduate Medical Institute, Peshawar. All patients with thrombocytopenia presenting to the medical B unit of Hayat Abad Medical Complex during November 2008 to November 2010 were included in the study.

Platelet counts of 75,000 to 150,000/dL are defined as grade 1 thrombocytopenia, 50,000 to \<75,000/dL as grade 2, 25,000 to \<50,000/dL as grade 3, and below 25,000/dL as grade 4 thrombocytopenia.

Thrombocytopenia was thus divided into these groups. The counts were visually confirmed by a clinical hematologist after the counts were done by an auto analyzer machine. The thick and thin slides were prepared according to the WHO guidelines and studied by a hematologist. Thick smears using Geimsa stain and thin smears using Wright stain were used and the patient was labeled as nonmalaria only if three consecutive smears were negative. Thus these patients were divided further into two groups: malaria and non-malaria group. The non-malaria group was further evaluated for other causes of thrombocytopenia which was not part of this study. Laboratory tests done on these patients consisted of full blood counts, liver enzymes, renal function, vitamin B12 levels, folic acid levels, erythrocyte sedimentation rate, and peripheral blood smear. In undiagnosed cases and where suspicion of immune thrombocytopenia was high, bone marrow biopsy was done to differentiate whether the low platelet count is due to decreased production or peripheral destruction.

Statistical calculation was done using Word Excel and SPSS version 11 for diagnostic accuracy between the two groups, that is, between platelet count from 25,000/dL to 50,000/dL, 50,000/dL to 75,000/dL and 75,000/dL to 150,000/dL using the Wilson score with 95% confidence interval.

3. Results {#sec3}
==========

Of the total 228 patients with thrombocytopenia, 121 patients (53%) proved to be suffering from malaria. Of them 82 patients (68%) had *falciparum*malaria while 39 patients (32%) had *vivax*infection. In these 121 patients, platelet counts ranged 25,000 to 150,000/dL with a mean value of 101,000/dL and median of 75,000/dL. Of the 107 patients who were not suffering from malaria, the counts ranged between 10,000 to 150,000/dL with a mean value of 58,000/dL and median of 50,000/dL.

The numbers of patients who had and had not malaria after the evaluation are mentioned in [Table 1](#tab1){ref-type="table"}.

The accuracy parameters between different levels of platelet counts are given in Tables [2](#tab2){ref-type="table"} and [3](#tab3){ref-type="table"}.

4. Discussion {#sec4}
=============

Thrombocytopenia often accompanies malaria and is usually mild to moderate. It may however be symptomatic and severe \[[@B9]--[@B18]\]. Fifty-three percent of patients with malaria showing thrombocytopenia in our study is close to others reporting low platelets as 57% \[[@B9]\] and 48% \[[@B10]\].

In Liberia, Mahmood and Yasir \[[@B11]\] studied a total of 145 patients who had *P. falciparum* malaria. Out of these 109 (75.18%) had thrombocytopenia. The sensitivity of the platelet count was considered as a predictor of malaria was 80.11% while specificity was 81.36%. The positive predictive value was 63.87% and the negative predictive value was 90.86%. Another study has reported 60% sensitivity and 88% specificity of thrombocytopenia for malaria diagnosis in acute febrile patients \[[@B12]\].

In another important study from India, Patel et al. reports the sensitivity of thrombocytopenia together with the acute febrile syndrome as 100% for malaria diagnosis, with a specificity of 70%, a positive predictive value of 86% and a negative predictive value of 100% \[[@B13]\].

In our study we have calculated the sensitivity, specificity, positive and negative predictive value and diagnostic accuracy at different levels of platelet counts and have concluded that the sensitivity and negative predictive value is high at low platelet counts (78% sensitivity and 67% negative predictive value 40% and 58% resp.) while the specificity and positive predictive value is high at relatively higher platelet counts (94% specificity and 89% positive predictive value against 50% and 64% resp.). The diagnostic accuracy remains almost the same at both counts (around 65%).Mahmood and Yasir\[[@B11]\] concluded an extended search for malarial parasite in patients having thrombocytopenia on smear. Mild-to-severe thrombocytopenia observed in hospitalized patients was considered enough to alert the possibility of malarial infection, as *P*. *falciparum* was found to be common species in these patients. Our study also connotes that *falciparum*malaria is more common at lower platelet counts as compared to *vivax* infection and overall the chances of finding falciparum malaria are almost twice than that of finding *vivax* malaria in thrombocytopenic patients.

It is a general consensus that thrombocytopenia is very common in malaria \[[@B14], [@B15]\] and previously it was believed that it is more common in *F*. *malaria*. Recent studies have shown that thrombocytopenia is equally or even more common in *P*. *vivax*malaria contrary to the popular belief that it may be observed in *P*. *falciparum* malaria \[[@B16]--[@B23]\]. More recent data in India has shown how thrombocytopenia exhibited a heightened frequency and severity among patients with *P. vivax* infection \[[@B24]\].

Recent studies conducted from the Indian subcontinent have found significant thrombocytopenia in *P*. *vivax* malaria \[[@B25], [@B26]\].

Similar results have been reported from Qatar and Venezuela \[[@B27], [@B28]\]. Studies from Brazil have shown a similar trend \[[@B29]\].

A recent study from Iran confirms that they are getting more cases of thrombocytopenia due to *P. vivax* than Falciparum and attributes this to the possible development of a new genotype of *P. vivax* \[[@B30]\].

Though we have found significant thrombocytopenia in more than half of our patients with malaria, the fact that it was seemingly more common in *P. falciparum*malaria needs to be validated by larger studies.

5. Conclusion {#sec5}
=============

Malaria should be a consideration in all patients with low platelets and after excluding this common and easily treatable cause, further evaluation of thrombocytopenia should be undertaken.

###### 

Thrombocytopenia in patients with malaria and without malaria.

  Platelet count   Malaria positive patients (% age)                                                
  ---------------- ----------------------------------- ---------- ---------- ---------- ----------- ------------
  3                25,000--50,000 dL                   27 (12)    22 (18)    05 (4)     46 (20)     81 (35.5%)
  2                50,000--75,000 dL                   46 (20)    30 (25)    16 (13)    47 (20.6)   93 (41%)
  1                75,000--150,000 dL                  48 (21)    30 (25)    18 (15)    06 (2.6)    54 (23.7)
                                                                                                    
                   Total                               121 (53)   82 (68%)   39 (32%)   107 (47)    228 (100%)

###### 

Accuracy parameters between level 1 (platelets from 25,000 to 50,000 dL) and level 2 (platelets from 50,000 to 75,000 dL) using Wilson score.

  Parameter                   Estimate   Lower-upper 95% confidence interval
  --------------------------- ---------- -------------------------------------
  Sensitivity                 77.69%     (69.48, 84.19)
  Specificity                 50.47%     (41.14, 59.76)
  Positive predictive value   63.95%     (55.92, 71.26)
  Negative predictive value   66.67%     (55.85, 75.97)
  Diagnostic accuracy         64.91%     (58.52, 70.81)

###### 

Accuracy parameters between level 1 (platelets from 50,000 to 75,000 dL) and level 2 (platelets from 75,000 to 150,000 dL) using Wilson score.

  Parameter                   Estimate   Lower-upper 95% confidence interval
  --------------------------- ---------- -------------------------------------
  Sensitivity                 39.67%     (31.4, 48.57)
  Specificity                 94.39%     (88.3, 97.4)
  Positive predictive value   88.89%     (77.81, 94.81)
  Negative predictive value   58.05%     (50.62, 65.13)
  Diagnostic accuracy         65.35%     (58.97, 71.23)
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